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Ultrafast MRI plays an essential role in biomedicine like functional 
neuroimaging, real-time dynamic imaging and diffusion tensor imaging due to its 
excellent time resolution. A newborn method based on spatiotemporally encoded 
single-shot technique develops rapidly in recent years because of its robustness to 
inhomogeneous magnetic field and chemical shift. Different from the conventional 
method, which obtains the image by Fourier transform, the spatiotemporally encoded 
method can produce a raw image by straightforward magnitude-calculation operation. 
However, the resolution of the raw image is inferior to that of conventional method. 
The super-resolved (SR) reconstruction is indispensable to improve the image 
resolution without additional acquisition. In this thesis, the principle of SR 
reconstruction was introduced in detail and some novel SR algorithms were proposed  
to efficiently reduce the aliasing artifacts caused by vast under sampling and improve 
the image quality. The main work is listed below. 
1. The principles and properties of spatiotemporally encoded single-shot ultrafast 
method were systematically and comprehensively introduced, including the principles 
of spatiotemporal encoding and decoding, the inherent resolution of the resulting 
image and the resistance of the method to inhomogeneous magnetic field and 
chemical shift. The development and limitations of spatiotemporally encoded method 
were also discussed. Moreover, its applications in chemical shift imaging, parallel 
imaging and multi-slice imaging were described in detail.  
2. The principle of SR reconstruction was introduced in detail. The problems 















coefficient matrix and the low digital resolution of SR image. The singular value 
decomposition preprocessing, partial Fourier transform and deconvolution algorithm 
were proposed to overcome these problems. The simulation and experimental results 
showed that these algorithms could efficiently improve the SR image quality.  
3. The pseudo-random sampling was introduced to the acquisition process to 
disperse the aliasing artifacts cause by vast under sampling. The compress sensing 
based on contourlet transform and total variation was employed to further reduce the 
aliasing artifacts and improve the resolution and signal-noise ratio of the image. The 
robustness of this scheme was demonstrated by various simulations and experiments 
under different parameters, circumstances and models.  
 




















尤其是近 20 年来，MRI 在生命科学和医学等领域的应用和研究有了飞跃性的进
步[6-8]。现在，MRI 技术无论是在临床诊断还是在基础研究中都已成为必不可少
















缺点使 EPI 的应用范围受到限制。 
2006 年以色列魏茨曼科学研究所的 Frydman 小组在 EPI 序列基础上提出时
空编码单扫描成像方法[28]。时空编码单扫描成像序列如图 1.1(b)所示。时空编码
技术在相位编码阶段引入扫频脉冲，产生一个与空间位置相关的二次相位。由于



















图 1.1 (a)自旋回波 EPI 序列，(b)时空编码 MRI 序列。 
 
得利于二次相位的空间选择性，时空编码技术可以直接对采样信号进行求
模操作即可获得 MRI 图像。然而与 EPI 的结果相比，模值图像的空间分辨率处
于劣势（如图 1.2(a)和(c)所示）。理论研究表明，在同等的采样情况下，时空编
码模值图的分辨率较 EPI 的结果下降了 N 倍（其中 N 为采样点数）[29]。如何
在不增加时空编码成像采样点数的基础上提高图像的空间分辨率对时空编码技
术至关重要。2010 年 Frydman 小组将超分辨率重建(Super-Resolved, SR)算法引
入到时空编码技术中[30]。超分辨率重建利用时空编码信号之间的冗余性来提高
图像的空间分辨率，从而达到与 EPI 相比拟的结果（如图 1.2(b)所示）。 
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